We have observed a sample of 14 nearby (z ∼ 0.03) star-forming blue compact galaxies in the rest-frame far-UV (∼ 1150 − 2200Å) using the Cosmic Origins Spectrograph on the Hubble Space Telescope. We have also generated a grid of stellar population synthesis models using the Starburst99 evolutionary synthesis code, allowing us to compare observations and theoretical predictions for the SiIV 1400 and CIV 1550 UV indices; both are comprised of a blend of stellar wind and interstellar lines and have been proposed as metallicity diagnostics in the UV. Our models and observations both demonstrate that there is a positive linear correlation with metallicity for both indices, and we find generally good agreement between our observations and the predictions of the Starburst99 models (with the models slightly under-estimating the value of the indices due to contributions from interstellar lines not simulated by a stellar population synthesis code). By combining the rest-frame UV observations with pre-existing rest-frame optical spectrophotometry of our blue compact galaxy sample, we also directly compare the predictions of metallicity and extinction diagnostics across both wavelength regimes. This comparison reveals a correlation between the UV absorption and optical strong-line diagnostics, offering the first means of directly comparing ISM properties determined across different rest-frame regimes. Finally, using our Starburst99 model grid we determine theoretical values for the short-wavelength UV continuum slope, β 18 , that can be used for determining extinction in rest-frame UV spectra of star-forming galaxies. We consider the implications of these results and discuss future work aimed -2 -at parameterizing these and other environmental diagnostics in the UV (a suite of diagnostics that could offer particular utility in the study of star-forming galaxies at high redshift) as well as the development of robust comparisons between ISM diagnostics across a broad wavelength baseline.
Introduction
A galaxy's redshift plays a dominant role in determining the rest-frame wavelength bands in which it is most easily observed. The rest-frame UV spectra of local galaxies can be observed with UV-sensitive instruments. The rest-frame UV spectra of galaxies at z ∼ 2 − 3, on the other hand, must be observed in the optical. Such optical observations offer many practical advantages over observing the more distant galaxies in the IR, in order to access their rest-frame optical spectra, due in large part to an abundance of strong night sky emission lines in the IR. With z ∼ 2 − 3 galaxies sampling the regime when star formation density peaks (Hopkins & Beacom 2006) , it is therefore advantageous to utilize UV data from local starburst galaxies to develop spectral interstellar medium (ISM) diagnostics that can ultimately be applied to optical observations of higher-redshift galaxies.
Historically, the development of diagnostics for determining oxygen-abundance metallicity (log(O/H) + 12) in star-forming galaxies has largely been confined to the optical. The "direct" metallicity diagnostic uses the auroral [OIII] λ4363 line to determine the electron temperature, T e , of the gas in galaxy, which can then be converted to a metallicity (e.g. Aller 1984 ). However, this auroral line is weak even at low metallicities and this method is therefore rarely usable in high-metallicity or faint galaxies. As a result, diagnostics utilizing observed strong-line ratios have been calibrated against T e metallicities (e.g. Pettini & Pagel 2004) . Strong-line diagnostics have also been developed based on theoretical calibrations using population synthesis models along with photoionization models (e.g. Kobulnicky & Kewley 2004) , or through a combination of observational and theoretical methods (e.g. Denicoló et al. 2002) . Unfortunately, the numerous metallicity diagnostics available in the optical (Kobulnicky & Kewley 2004; Pettini & Pagel 2004) have been found to show poor agreement, although conversions do exist which facilitate comparisons between different methods (Kewley & Ellison 2008) .
Fewer diagnostics are available in the UV. Interstellar absorption lines in the UV are produced by the resonance transitions of abundant ions. These lines are stronger in starbursts, due to the larger interstellar velocity dispersions. The stronger interstellar lines tend to be optically thick and therefore their equivalent widths depend more on velocity dispersion than column density (González Delgado et al. 1998) . Because the more metalrich galaxies tend to host more powerful starbursts, those galaxies tend to have more energy in the ISM. This increases the velocity dispersion and therefore the equivalent widths of the interstellar lines (Leitherer et al. 2011 ). This metallicity dependency has been shown by Heckman et al. (1998) and Leitherer et al. (2011) . Stellar photospheric absorption lines can also be used as metallicity diagnostics when the spectra have the high signal-to-noise and moderate resolution required to measure equivalent widths of ∼ 1Å (Leitherer et al. 2011) . To aid in this resolution problem, Rix et al. (2004) employed the indices defined by Leitherer et al. (2001) to determine that a region between 1935Å and 2020Å, containing many Fe iii photospheric lines, scales with metallicity.
Stellar wind lines -resonance lines produced in the radiatively driven winds of O and B stars (Leitherer et al. 2011 ) -offer the most robust means of directly tracing metallicity in the UV. The lines originate mainly from gas at T 10 4 K which has been ionized by radiation from massive stars along with collisional processes in the outflow (Shapley et al. 2003) . The winds are driven by photon momentum transfer through metalline absorption, so the stellar wind lines are metallicity-dependent (Leitherer et al. 2011) . Leitherer et al. (2011) developed a set of indices, similar to the Lick indices (Burstein et al. 1984; Faber et al. 1985) , for the purpose of measuring interstellar and stellar wind lines in the UV. These indices measure the equivalent width of blended absorption lines in a systematic manner. This allows for the consistent measuring of line strengths even in spectra where the resolution is not high enough to measure individual line widths.
Unfortunately, robust conversions between UV and optical metallicity diagnostics are non-existent. The optical and UV light of star-forming galaxies originate from different processes -UV stellar spectra consist mainly of the light from O and B stars of young stellar populations, while optical stellar spectra trace older stellar populations (Rix et al. 2004 ) -making a clear relationship between diagnostics in the two regimes even more critical.
A similar difficulty exists for spectral diagnostics of dust extinction in star-forming regions. The effective extinction is defined as the difference in magnitudes of the attenuated light and the dust-free source (Calzetti 2001) , and sensitive diagnostics are required to determining the intrinsic attenuation due to dust. In the optical, the Balmer decrement (Hα/Hβ) is most commonly used to quantify extinction effects. The intrinsic Balmer decrement is expected to be 2.86 assuming case B recombination (T e = 10 4 K and n e ∼ 10 2 − 10 4 cm −2 , following Osterbrock 1989), with a higher observed decrement indicating increased dust content. When UV and optical spectra are both available, line-to-continuum ratios Hα/UV and Hβ/UV are also popular (Calzetti 2001) .
The slope of the UV continuum is another widely-used extinction diagnostic. The UV spectral slope, β is determined by fitting the continuum to the function f (λ) ∝ λ β , where f (λ) is the flux density, in a specified wavelength range. The wavelength range 1250-2600Å (which defines β 26 ) is most commonly used (Calzetti 2001) . The UV spectral slope traces the reddening effects of dust on the continuum. Dust is proportional to metallicity and gas content, which evolve in opposite directions with time. Whereas metallicity increases with time as more stars have formed and produced metals, more gas is locked away in stars as time goes by. Thus the dust column density peaks at some point within the galaxy's evolution, with an overall peak predicted at a redshift of z ∼ 2 (Calzetti & Heckman 1999 ).
However, there are degeneracies between extinction effects and other galaxy properties, including the age of the stellar population, which dominates the spectral energy distribution (SED); the effects of metallicity; and the initial mass function (IMF). These become especially troublesome when only low-resolution spectroscopy is available (Papovich et al. 2001) . Furthermore, reddening effects are sensitive to the geometry of the dust distribution when dealing with extended sources such as star-forming regions. Typically the light is not as attenuated as would be expected from a simple dust-screen model (Witt et al. 1992 ). In addition, spectral coverage in the UV often spans a narrower wavelength range than that defined by the β 26 diagnostic, limiting its efficacy as an extinction diagnostic at higher redshifts.
In this paper we present a preliminary analysis of UV ISM diagnostics for metallicity and extinction. Using UV and optical spectra of nearby (z ∼ 0.03) star-forming galaxies (Section 2) along with a grid of stellar population synthesis models (Section 3), we examine both observed and theoretical predictions for the utility of two potential UV diagnostics for metallicity and their correlations with optical strong-line diagnostics (Section 4). We also present our measurements of the shorter-wavelength UV spectral slope β 18 and discuss its utility as an extinction diagnostic in both nearby and high-redshift star-forming galaxies (Section 5). Finally, we discuss our conclusions and plans for future work (Section 6).
Observations
We originally selected a sample of 31 nearby (0.003 < z < 0.029) star-forming blue compact galaxies (BCGs) with optical spectra from a larger set of 97 galaxies presented in and . Rest-frame optical spectra of the galaxies' bright nuclei were obtained with the OMR spectrograph on the 2.16m telescope of the Beijing Astronomical Observatory, using a 2 ′′ -3 ′′ slit width that was adjusted based on seeing conditions and, where possible, aligned with the parallactic angle. Levesque et al. (2010) then selected 36 of these BCGs (restricting the sample to star-forming galaxies based on the criteria of Kewley et al. 2006) , and used optical emission line diagnostics to determine a number of ISM properties. These include two different metallicity diagnostics: the R 23 calibration of Kobulnicky & Kewley (2004) and the O3N2 calibration of Pettini & Pagel (2004) ; for more discussion see Section 4.1. Subsequent study revealed that 5 of the Levesque et al. (2010) BCGs are actually pairs of galaxies; these were excluded from our final sample.
17 of these star-forming galaxies have been successfully observed by the Cosmic Origins Spectrograph (COS) onboard the Hubble Space Telescope (HST) as part of SNAP program #13481 (PI: Levesque). We used the low-resolution G140L grating at the 1105Å central wavelength setting to provide continuous spectral coverage over the range ∼ 1150 − 2200Å at a spectral resolution of R ≈ 1800 (∆v ∼ 200km s −1 ). Each observation consisted of four exposures at different focal plane (FP) positions settings to dither instrumental features over the detector and increase overall signal to noise. Total exposure time per target varied from less than a minute to several kiloseconds; exposure times for each observed galaxy in our sample are given in Table 1 . As of this writing the completion rate of this SNAP program is 55%; one galaxy (2MASX J05554264+0323322) was observed with a truncated exposure time of 87 seconds due to drift from single star guiding effects, and two additional galaxies (III Zw 43 and Haro 3) also had insufficient S/N for our analyses; these data were not included in this work. Our final sample of 14 galaxies, including COS exposure times, is given in Table 1 .
The exposures were obtained from the Mikulski Archive for Space Telescopes (MAST). The exposures were binned by 3 pixels (∼ 1/2 of a resolution element) to improve S/N prior to cross-correlation and coaddition. The calibrated, one-dimensional spectra for each target were next aligned and coadded using the custom IDL procedures described in detail by Danforth et al. (2010) 1 . Briefly, each exposure of a given target was aligned by crosscorrelating on a strong interstellar absorption feature. The data were then interpolated to a common wavelength scale and the flux and error at each wavelength were combined using an exposure-time weighted algorithm. Pixels with instrumental features were de-weighted or excluded from the final coaddition. For our analyses the reduced spectra were adjusted to rest-frame wavelengths (redshifts are given in Table 1 -HST COS spectra of our star-forming galaxies. Spectra have been corrected to rest-frame; the strong emission features near 1215Å and 1302Å represent blueshifted geocoronal Lyα and Oi, respectively. Red regions of the spectra illustrate the wavelengths of the Leitherer SiIV 1400 and CIV 1550 diagnostic indices; see Section 4.2 for further discussion. The spectra are plotted in log space to best illustrate our fits (blue line) of the UV spectral slope, β 18 (where f(λ) ∝ λ β 18 for 1250 < λ < 1800Å; see Section 5). Variations as determined from adding and subtracting the error spectra are shown in gray.
The fully-combined data vary wildly in terms of data quality due mostly to source flux and exposure time. Since many of the star-forming galaxies in our sample are extended objects which fill the COS aperture, resolution for some targets may be degraded from the nominal R ≈ 1800 typical of point sources observed with COS/G140L; however, BCGs are dominated by their central clusters and thus appear close to point-like, yielding only minimal loss of resolution in COS observations. It should also be noted that the 2.5 ′′ diameter field stop of the COS Primary Science Aperture is comparable to the 2 ′′ -3 ′′ slit widths used in the observations; by centering COS on the bright nuclei of the BCGs we sample comparable galaxy regions with our FUV spectra to those observed with the optical spectra. Our spectra are shown in Figure 1 .
Stellar Population Synthesis Models
Starburst99 (Leitherer et al. 1999; Vázquez & Leitherer 2005; Leitherer & Chen 2009; Leitherer et al. 2014 ) is a stellar population synthesis code which produces model spectral energy distributions as a function of metallicity, star formation, initial mass function (IMF), age, and evolution of the simulated stellar populations. This is done by combining model stellar atmospheres and spectra with grids of stellar evolutionary tracks.
For this work we used this code to generate a grid of model ionizing spectra with varied stellar evolutionary models, metallicities, IMFs, and treatments of the star formation history. We used three different sets of evolution tracks produced by the Geneva group. The tracks from Meynet et al. (1994) (hereafter M94) simulate the evolution of a nonrotating stellar population with enhanced mass-loss rates. We also adopt the rotating and non-rotating tracks of Ekström et al. (2012) and Georgy et al. (2013) ; the rotating tracks (hereafter ROT), include the effects of stellar rotation with initial rotation rates of v = 0.4 of the break-up velocity, which is the peak of the velocity distribution in young B stars (Huang et al. 2010) , while the non-rotating tracks (hereafter NOROT) simulate identical initial conditions but do not include rotation.
The metallicities of our models were based on the assumed abundances for the evolution tracks. The M94 tracks span five fractional heavy element abundances by mass (Z = 0.001, 0.004, 0.008, 0.020, and 0.04), while the ROT and NOROT tracks are available at Z = 0.002 and Z = 0.014. The abundance for the optical high resolution spectrum in Starburst99 is set separately, and was chosen for each simulation to most closely match the abundance of the chosen stellar evolutionary tracks.
We initially adopted a Kroupa IMF (Kroupa 2001), a power-law in dN/dM with α = 1.3 for the 0.1 − 0.5 M ⊙ mass range, and α = 2.3 for the 0.5 − 100 M ⊙ mass range. In addition, top-heavy and flattened IMF models were made with high-mass slopes set to α = 1.3 and α = 3.3 while keeping the low-mass slope set at α = 1.3. As massive O and B stars are the main contributors to the UV spectrum, we are primarily concerned with the high-mass slope. Unless otherwise stated, all models presented here assume a Kroupa IMF.
Our models simulated both an instantaneous burst of star formation and a region of continuous star formation. In models with an instantaneous burst of star formation, a zero-age stellar population of 10 6 M ⊙ is simulated, allowing us to trace the effects of a single coeval stellar population; we modeled the evolution of the stellar population up to 20 Myr in 0.5 Myr increments. The continuous star formation models adopt a constant rate of 1 M ⊙ yr −1 , representing the other extreme of star formation history. Here, while we also model the evolution of the population in 0.5 Myr increments, we consider only the models at an age of 5 Myr, the age at which a continuously star-forming stellar population reaches equilibrium (at younger ages this equilibrium is not yet reached; at older ages there is little to not evolution of the stellar FUV ionizing spectrum. For more discussion see Kewley et al. 2001 ).
Metallicity Diagnostics

Optical
Using the existing optical spectra for our observed galaxies from and we can calculate the metallicities (defined here as the oxygen abundance 12 + log(O/H)) using several common strong-line optical diagnostics. Kobulnicky & Kewley (2004) (hereafter KK04) used the stellar evolution and photoionization grids of Kewley & Dopita (2002) gives a higher metallicity than the upper branch, the metallicity is set to 12 + log(O/H) = 8.4, the cutoff between the two branches. The estimated accuracy of this diagnostic is ∼ 0.15 dex. Pettini & Pagel (2004) developed two optical metallicity diagnostics using T e -based metallicities and observations of H ii regions. The first of these diagnostics (hereafter O3N2) is a linear fit which depends on the line ratio log[
The estimated accuracy of the O3N2 diagnostic is ∼ 0.14 dex. The second diagnostic (hereafter N2) is a cubic fit which depends on the line ratio [N ii] λ6583/Hα. It is valid for −2.5 < [N ii]/Hα < −0.3. The estimated accuracy of the N2 diagnostic is ∼ 0.18 dex. For a more detailed discussion of optical metallicity diagnostic development, see Kewley & Ellison (2008) .
UV -Leitherer Indices
Leitherer et al. (2011) established a set of UV indices for star-forming galaxy spectra. Each index is a blend of lines, mostly of interstellar or stellar wind origin. Three wavelength regions are defined for each index: a blue continuum, a central index bandpass, and a red continuum. Within each continuum range the median flux in calculated, as well as the midpoint in the wavelength range. The continuum is defined as the line connecting the representative blue continuum and red continuum points. The equivalent width is calculated as the sum of the difference between the data and the continuum in each bin within the central bandpass, normalized by the continuum. The error was determined by calculating the standard deviation of the blue and red continua data from the continuum line. This value was multiplied by the square root of the number of bins in the central index bandpass to find the error of the equivalent width of the index. Of Leitherer's indices, SiIV 1400 and CIV 1550 are the only two dominated by stellar wind lines. The main feature included in SiIV 1400 is the doublet Si iv λ1393, 1402, while the main feature included in CIV 1550 is the doublet C iv λ1550, 1548. Both the Si iv λ1400 doublet and the C iv λ1550 doublet have interstellar components, which sometimes provide a significant contribution to the line equivalent widths, in addition to their stellar wind components (Leitherer et al. 2011 finds a correlation with dust extinction and reddening of the vacuum-UV continuum for these high-ionization lines, but a weaker correlation that those found for low-ionization lines.
In their spectra, Leitherer et al. (2011) found that, by visual inspection, the interstellar component in the Si iv doublet could account for ∼ 2/3 of the equivalent width, whereas the interstellar component in the C iv doublet could account for ∼ 1/3 of the equivalent width. While the stellar wind component in the Si iv doublet only becomes apparent for blue giants and supergiant stars (Shapley et al. 2003) , wind effects can be seen in the C iv doublet of early-O main-sequence stars (Leitherer et al. 2001 ).
Comparison of Optical and UV Diagnostics
We measured the SiIV 1400 and CIV 1550 indices in all of our HST COS spectra (see Table 4 .3); the wavelength ranges of the central bandpasses for both indices in each of our galaxies are illustrated in Figure 1 . For comparison purposes the COS data were binned by a factor of 2 to approximate the 0.4Å resolution of the Starburst99 spectral output. We also used the optical emission line fluxes given in to determine optical strong line metallicities using the KK04, O3N2, and N2 diagnostics for each of our galaxies based on the optical emission line fluxes given in and the analyses detailed in Levesque et al. (2010) .
In Figure 2 we compare the two Leitherer indices to the three optical diagnostic metallicities. There are statistically robust positive linear relations (Spearman's ρ ≥ 0.6, p ≤ 0.02) between the SiIV 1400 and CIV 1550 indices and all three of the optical diagnostic metallicities.
We measured the SiIV 1400 and CIV 1550 Leitherer indices in our full grid of Starburst99 models using the same definitions and calculation procedures detailed in Section 4.2. The indices were measured from the non-normalized .ifaspec Starburst99 output spectra; these are theoretical UV spectra calculated between 900-3000Å at a resolution of ∼0.4Å, adopting WM-Basic models for the O star atmospheres (Pauldrach et al. 2001) and the Potsdam models for Wolf-Rayet atmospheres (Hamann & Gräfener 2004) ; for a detailed discussion see Leitherer et al. (2010) .
It should be noted that, as an evolutionary synthesis code, Starburst99 alone does not include any treatment of photoionization or contributions from the ISM. As a result, the interstellar contributions to the Leitherer indices seen in observations are not present; the models only simulate the stellar components (wind and photospheric) of these indices.
The index definitions of Leitherer et al. (2011) also include an inherent metallicity bias. The definitions of the indices' continuua are themselves metallicity dependent and thus measure a "continuum" level that is lower at high metallicities due to line blanketing effects, leading to a slight decrease in the equivalent widths of indices measured at high metallicities. A positive relation between index value and metallicity is therefore slightly "flatter" under this definition than it would be for a metallicity-corrected continuum definition (with the opposite holding through for a negative relation). For this reason we have measured the index values in our Starburst99 models from the non-normalized synthetic spectra, retaining the effects of a metallicity-dependent index continuum. These synthetic spectra are fully blanketed and are not adjusted for knowledge of the true continuum. Thus the same bias is present in both our observed and theoretical spectra.
The evolution of the SiIV 1400 and CIV 1550 indices from our Starburst99 models as a function of metallicity are shown in Figures 3 and 4 . Figure 3 shows models adopting an instantaneous burst star formation history at 1, 3, 5, and 7 Myr, while Figure 4 shows models adopting a continuous star formation history at an age of 5 Myr. In both cases the models are compared to this indices measured in this work, as shown in Figure 2 , as well as the sub-sample of galaxies with measured indices from Leitherer et al. (2011) that are purely star-forming galaxies (i.e., no active galactic nucleus contribution). Our data assumes KK04 metallicities for this comparison; the choice of strong line diagnostic has only a minimal effect on the overall agreement between the data and the models. Figure 4 , but for models simulating a continuous burst star formation history at an age of 5 Myr.
Figures 3 and 4 show generally good agreement between the observations and models. For the SiIV 1400 index, the Starburst99 models generally underestimate the equivalent widths, particularly in the case of a continuous star formation history and the youngest ages of a single coeval stellar population (agreement improves at later ages). By contrast, in the case of the CIV 1550 index there is strong agreement between the models and observations for both the individual index values and the slope of the relation as a whole across all ages and star formation histories. The underestimation of the SiIV 1400 index by the models is expected; Starburst99 only simulates the stellar components of these indices, and as noted in Leitherer et al. (2011) interstellar components could account for as much as ∼2/3 of the SiIV 1400 equivalent width. Therefore, the equivalent widths predicted by Starburst99 for the SiIV 1400 indices should be considered only as lower limits.
It is also clear that the ROT models predict weaker equivalent widths for both indices, which is explained by an overall shift to a hotter population of stars (see Levesque et al. 2012; Leitherer et al. 2014) . Si iv (and to a lesser extent C iv) are not the dominant ionization states of Si and C, and a hotter population of ionizing stars will lead to weaker lines as a result (in contrast, features of dominant species such as N v and O vi are stronger in models that include stellar rotation; Leitherer et al. 2014) .
The β 18 Extinction Diagnostic
In optical spectra, the Hα/Hβ Balmer decrement is the most common diagnostic for quantifying extinction effects. By contrast, in the UV, the slope of the continuum is the most widely-used extinction diagnostic. The UV spectral slope, β, is determined by fitting the continuum to the function f (λ) ∝ λ β , where f (λ) is the flux density, to a specified wavelength range. Calzetti et al. (1994) Similarly, Calzetti (2001) defines β 26 , a fit spanning 1250-2600Å, as a standardized measure of the UV slope and extinction diagnostic.
Here we now consider β 18 , defined by Calzetti (2001) as the continuum slope from 1250-1800Å, as a potential additional diagnostic for shorter wavelengths (and, consequently, higher redshifts). Figure 5 shows the relationship between β 18 and τ l B for our observed galaxies. In order to perform β 18 fits to the UV continuua we first mask all of the Leitherer indices which fall within the diagnostic wavelength range. In the HST COS spectra, the geocoronal O i 1302 emission lines were also masked (the geocoronal Lyα does not need masking at the redshifts of our galaxies; see Figure 1 ). We calculated Hα/Hβ ratios for each of our galaxies using the existing optical spectra from , and define τ l B identically to Calzetti et al. (1994) . To remove any potential contamination from Galactic dust, we corrected both the raw line fluxes from and our own UV spectra for Galactic reddening (Schlegel et al. 1998; Schlafly & Finkbeiner 2011) . Our values for β 18 and τ l B are given in Table 2 , and our data show generally good agreement with the linear relationship determined in Calzetti et al. (1994) . β 18 for our sample of observed galaxies. Values from τ l B are determined from the optical data of ; values for β 18 are from our own HST spectra. The solid line is the best linear fit from Calzetti et al. (1994) . The dashed lines represent the ∼ 5σ upper and lower envelopes of their data.
We note that our definition of β 18 spans a slightly different wavelength range than the Calzetti et al. (1994) "short-wavelength" β , covering 1250-1800Å rather than the 1250-1700Å. While the difference is slight this could account for some of the minor disagreements in Figure 5 between our data and the Calzetti relation (it is also worth noting that 16% of the original Calzetti et al. 1994 data points also fall outside this relation). One galaxy, Haro 25, does fall significantly above the rest of the sample; however, there are discrepancies in the literature regarding the measured value of τ from the optical spectrum. Data from Kehrig et al. (2004) and the Hγ/Hβ decrement from both imply a higher reddening than the τ determined here, which could partially improve this outlier's agreement.
β 18 holds particular value as an extinction diagnostic at high redshift. Spectral coverage in the UV is often limited to a narrower wavelength range than that spanned by the β 26 diagnostic. At z 3 this regime is redshifted into the near-IR; as a result, a UV extinction diagnostic over a shorter wavelength range would be advantageous for studying extinction in high-redshift galaxies.
Theoretical Values of β 18
In Appendix A we provide tables of theoretical (dust-free) values for β 18 calculated from our Starburst99 models, to be used as references for determining extinction from both nearby and high-redshift galaxies using this definition of the UV continuum slope. Fully line-blanketed spectra were used to calculate the β 18 values, as opposed to using the true continuum. Our values are calculated for both instantaneous burst and continuous star-forming histories (at ages ranging from 0-20Myr in the instantaneous case and an equilibrium age of 5 Myr in the continuous case), all three stellar evolutionary tracks (M94, NOROT, and ROT), and all three IMFs simulated in our model grids (see Section 3).
The Starburst99 code is primarily based on stellar evolutionary synthesis, i.e., it is not a photoionization code. Therefore nebular physics is not considered and emission lines originating in HII regions and the general interstellar medium are not included in the SED. However, in the presence of hot ionizing stars continuous nebular emission can make a non-negligible contribution to the stellar emission and must be accounted for. Fortunately, nebular continuous emission is only weakly dependent on gas properties such as electron temperature (T e ) and electron density (n e ), and detailed photoionization modeling is not required for estimating its contribution. Therefore this process is included in Starburst99.
Starburst99 in its default mode assumes all ionizing photons shortward of the Lyman break are absorbed in standard case B mode. We account for three continuous emission processes: bound-free + free-free emission of hydrogen; bound-free + free-free emission of neutral helium; and hydrogen two-photon emission. The absorption coefficients for these processes are taken from Tables 4-9 of Aller (1984) ; they are supplemented by values at longer wavelengths from Ferland (1980) . Fixed values of T e = 10, 000 K and n e = 10 4 cm −3 are assumed (this assumption is non-critical for the parameter range of interest to this study).
A general discussion of the importance of the nebular relative to the stellar continuum can be found in Leitherer & Heckman (1995) . Since the focus of this work is on the UV, we are providing more detail on the properties of the two-photon continuum, which was not explicitly covered by Leitherer & Heckman (1995) . As a reminder, about 2/3 of all recombinations in the H atom lead to the p levels, which then ultimately result in the H emission-line and bound-free spectrum. 1/3 of the recombinations go to the 2s level, which is meta-stable. Unless densities are extremely high (> 10 9 cm −3 ; Drake & Ulrich 1981) and collisional transitions to the 2p level occur, a transition from the 2s level to a virtual level takes place whose energy lies between those of the 1s and 2s levels. This process is called two-photon emission since it produces two photons with a combined energy equal to that of the 2s to 1s transition (i.e., Ly-α). The probability distribution of the process is symmetrical about half the energy level difference of 2s to 1s transition, corresponding to a wavelength of 2431Å. The peak emission of the two-photon spectrum is found to be at 1621Å after accounting for the weighting by the photon energy.
Of the three nebular continuous emission processes included in Starburst99, the twophoton continuum by far dominates in the UV. The two-photon continuous absorption coefficients are an order of magnitude larger than the bound-free + free-free coefficients between 1200-2000Å. Drake & Ulrich (1981) provide examples of the relative strengths of these processes.
In order to assess the importance of the nebular contribution to the UV continuum, we computed two sets of models. One set is the Starburst99 default discussed above. This corresponds to case B in the radiation-bounded regime. Alternatively, we considered a second set having no nebular contribution. This could be a radiation-bounded nebula or a galaxy whose interstellar medium is porous due to the effects of stellar winds and supernovae which clear out cavities leading to the escape of ionizing photons (Borthakur et al. 2014) . Comparison of the two model sets with and without nebular continuum suggests that omission of the nebular continuum results in a bluer spectrum (more negative β 18 ). The reason for this behavior is the redder spectral slope of the nebular compared with the stellar continuum. Removal of the nebular component then leads to a bluer spectrum. Bouwens et al. (2010) drew attention to the significance of the nebular continuum for the observed rest-frame UV spectra of galaxies at high redshift. The observed UV slopes are sometimes bluer than predicted by the most extreme theoretical models. Depending on dust reddening, metallicity, age, or initial mass function, the bluest slopes in the models have β > −2.7, whereas the observations in some galaxies suggest β < −3. Although observational uncertainties are large and part of the discrepancies may be ascribed to larger than assumed photometric errors (Dunlop et al. 2012) , there is tentative evidence for bluer observed slopes when larger samples are considered (e.g., Jiang et al. 2013 ). Star-forming galaxies with redshifts approaching the epoch of cosmic reionization have been postulated to be leaking ionizing photons (Kuhlen & Faucher-Giguère 2012) . If so, one would expect a transition from the radiation-bounded to the density-bounded regime, and therefore a diminished contribution by the nebular continuum to the UV spectrum.
Our two sets of β 18 values given in Appendix A are thus intended to bracket the two extreme cases of 0 and 100% escape fraction (f esc ) of ionizing photons. They are complementary to the models of Inoue (2011) who provided a grid of nebular models, including continuum models, using an older version of Starburst99 when evolution models with rotation had not yet been available.
The tables in Appendix A indicate several trends of the behavior of β 18 . There is an overall evolution towards redder slopes with age, which is simply the result of on average lower stellar temperatures with older age. As an example, see Figure 6 . The non-monotonic behavior around 4 to 6 Myr is due to the first appearance of luminous post-main-sequence stars whose somewhat cooler temperature leads to a redder UV continuum. These stars do not subsequently evolve into red supergiants but rather turn into hot Wolf-Rayet stars. Overall, the variation of β 18 with age is rather moderate, which of course is the reason for the suitability of the UV slope as a dust indicator.
The three IMF choices considered here result in only minor differences in β 18 . The Kroupa IMF has parameters (α low = 1.3, α high = 2.3). An IMF enriched in massive stars relative to the Kroupa IMF (1.3, 1.3) has a UV slope which is bluer by ∼ 0.2 than an IMF deficient of massive stars (1.3, 3.3). More extreme variations of β 18 are expected in the presence/absence of very massive stars with masses higher than, e.g., 150 M ⊙ . These stars are not covered by the evolutionary tracks included in Starburst99.
The two extreme cases of f esc = 0 and 100 (all ionizing photons absorbed or escaping, respectively) have a rather significant effect on β 18 for ages < 10 Myr. For ages and IMF values favoring the production of ionizing radiation, the UV slopes with f esc = 100 are bluer by ∼ 0.5. This behavior is easily understandable from the previous discussion of the nebular continuum: the nebular continuum is dominated by the two-photon process whose slope is redder than that of the stellar continuum.
Metallicity has a relatively minor impact on β 18 . While individual metal-poor stars have bluer colors than metal-rich stars, stellar evolution at high metallicity favors the presence of hot Wolf-Rayet stars, which compensates for the color effect in individual stars. As a result, the β 18 values at various metallicities are not very different. We remind the reader that this argument only applies to models for single-star evolution. If significant numbers of Wolf-Rayet stars at low metallicity are produced in binaries, β 18 may become bluer as well.
Models with rotation generally result in more negative β 18 values than non-rotating models. The effect is less pronounced for f esc = 0 because rotation leads to hotter stars which are bluer on the one hand but are also responsible for a stronger nebular continuum on the other.
Discussion and future work
We have demonstrated that there is a statistically robust positive linear correlation with metallicity for the UV stellar wind indices SiIV 1400 and CIV 1550. This correlation is supported both by multi-wavelength spectroscopic observations of star-forming galaxies and by the predictions of the Starburst99 stellar population synthesis models. This suggests that parameterizations of UV metallicity diagnostics based on synthetic galaxy spectra will offer a well-calibrated suite of new global metallicity diagnostics that can be applied to spectra of star-forming galaxies at high redshifts.
In addition, the clear correlation between the UV and optical metallicity diagnostics has important implications for future studies of star-forming galaxy metallicities across a broad range of redshifts. While a larger and higher-S/N multi-wavelength observational sample is required to fully sample the parameter space of ISM properties and diagnostics in star-forming galaxies (including star formation rate, young stellar population age, stellar mass, and extinction), our results demonstrate that it will be possible to compare metallicities determined from both UV and optical spectra through conversions similar to those calculated by Kewley & Ellison (2008) for optical diagnostics alone. This will offer the first quantitative means of unifying metallicity measurements for star-forming galaxies across multiple wavelengths, and consequently across a much broader range of redshifts.
Similarly, combining the ionizing SED outputs of the full grid of Starburst99 models (including those accommodating the effects of stellar rotation, e.g. Levesque et al. 2012; Leitherer et al. 2014 ) with a photoionization code such as MAPPINGS (e.g. Sutherland & Dopita 1993; Groves et al. 2004) or CLOUDY (Ferland et al. 1998 ) would allow us to determine theoretical parameterizations for indices with strong or dominant contributions from interstellar lines and directly compare these to predicted fluxes for optical emission lines. This includes the interstellar components of the SiIV 1400 and CIV 1550 indices as well as other far-UV diagnostic indices that are primarily interstellar such as CII 1330 and AlII 1670.
We have also determined theoretical values of β 18 that can be used for determining extinction in rest-frame UV spectra of star-forming galaxies, assuming the two extremes of 0% and 100% f esc to facilitate their use with observations of star-forming galaxies in both the nearby and high-redshift universe. Following previous work by Calzetti et al. (1994) and Calzetti (2001) , β 18 shows a similar correlation with optical extinction diagnostics and is particularly valuable for high-redshift observations. In the future, a combination of stellar population synthesis and photoionization models would also allow for a valuable theoretical comparison between the extinction diagnostics β 18 and τ l B , allowing us to directly probe the effects of other galaxy properties (such as stellar population age, ionization parameter, and electron density) on these diagnostics and improving their utility at high redshift. This paper was based on observations made with the NASA/ESA Hubble Space Telescope associated with program 13481; support for this program was provided by NASA through a grant from the Space Telescope Science Institute. EML is additionally supported by NASA through Hubble Fellowship grant number HST-HF-51324.01-A from the Space Telescope Science Institute. The Space Telescope Science Institute is operated by the Association of Universities for Research in Astronomy, Incorporated, under NASA contract NAS5-26555. 
